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by
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ABSTRACT

Processing of data obtained with the U.S. Geological Survey's coal-seismic 

system begins with playback of the field-data magnetic tape through an RS-^232 

interface to a desk-top computer. The data are stored on a tape, edited to 

correct header information and to remove byte-shift errors, compressed from 

4-byte to 3-byte hexadecimal, and then written on a master data tape. This 

tape in turn is edited to correct bias shifts, spikes, dropped or added bytes, 

and intra-trace level shifts (boxcar functions). Finally, results stored on 

the master data tape are plotted to produce a display of the observered data. 

Six initial-data-processing programs, written in an extended BASIC language 

accepted by the Tektronix 4051 Graphic System- and augmented by use of special 

ROMs manufactured by the TransEra Corporation, are the subjects of this report.

INTRODUCTION

Field data obtained with the U.S. Geological Survey's coal-seismic system 

are initially stored within the digital memory of a geoMetrics model ES-1200 

12-trace, signal-enhancement seismograph. When judged acceptable, the data 

are transferred to a field-data magnetic tape in a geoMetrics model G-724-S 

digital magnetic tape recorder. This same recorder, upon return to the field 

office, is used to playback the field data through an RS-232 interface to a 

temporary-storage magnetic tape in a Tektronix 4051 Graphic System. After

I/ Use of brand names in this report is for descriptive purposes only and 
does not constitute endorsement by the U.S. Geological Survey.



editing and byte compression, the data are written on a master data tape. 

Data from these tapes are then edited to correct bias shifts, dropped or added 

bytes, spikes, and intra-trace level shifts (boxcar functions). The initial 

phase of data processing concludes with the plotting of a seismogram using 

values contained on the master data tape and identifiers added when the 

computer program is run.

All computer programs of the U.S. Geological Survey's coal-seismic system

are written for use on a desk-top, stand-alone computer. The language is an»

extended BASIC specially augmented by Tektronix, Inc. for use on their 4051 

Graphic System. In addition to the Tektronix 4051 Graphic System, a Tektronix 

4662 Interactive Digital Plotter, and a Tektronix 4631 Hard Copy Unit are 

called for by the programs. Programs are designed to take full advantage of 

the interactive (self-prompting) capabilities of this computer. After the 

magnetic tape containing the program is inserted and the RUN command is 

executed, a series of statements, instructions, and questions are displayed 

telling the user what to enter from the keyboard and what to do next.

To speed computation, a set of routines contained within a plug-in ROM 

manufactured by the TransEra Corporation is employed. The following are its 

routine names and functions:

1. C4 TO 3—compresses a string of 4-character words to a string of 

3-character words by truncating the first character of each word.

2. HEXDEC—extracts a series of hexadecimal numbers (1 to 4 characters 

per number) from a character string, inverts the numbers, and then 

converts the inverted numbers to a series of decimal numbers that are 

stored in an array.

3. DECHEX—extracts a series of non-negative decimal numbers from an 

array, and converts them to a series of hexadecimal numbers (1 to 4



characters per number) that are then inverted and stored in a

character string.

Each seismic-record set (a 12-trace, 10-bit, 1024-samples-per-trace 

seismogram) is lead by an 8-digit number called the "header". In the 

construction of the G-724-S digital magnetic tape recorder, the last digit of 

the header is reserved for identification of the number of the record on the 

field-data tape and specification of the first seven digits is the user's 

choice. We have established the following header code:

1. Digits 1 through 3 designate the day of the year on which the 

recording were made; for example, 123 corresponds to May 3.

2. Digit 4 contains the code for one of six sample intervals (0.05, 0.1, 

0.2, 0.5, 1.0 and 2.0 msec) available on the seismograph; thus, a 3 

placed in the fourth digit means that a 0.2-msec sample was used.

3. Digits 5 and 6 indicate the delay in tens of msec used in the recording; 

thus, a 1 in the fifth and a 2 in the sixth position of the header 

shows that recording began after a 120-msec delay.

4. Digit 7 is the number of the tape of that day; thus, a 2 in seventh

place indicates that this is the second tape of the day. 

The six computer programs used to transfer, edit, and display observed 

coal-seismic data are listed below:

1. Format master data tape

2. Transfer field data to internal tape

3. Edit byte errors and transfer data from 

internal tape to master data tape

4. Edit master data tape

5. Plot master data-tape values: selectable-mode

6. Plot master data tape values: quick-plot routine



In separate sections which follow, program listings are given after a brief 

discussion of each of the above programs.

FORMAT MASTER DATA TAPE

The first computer program in the data-processing procedure is used to 

format the master data tapes (MDT). File 1 of each master data tape is 

established such that when a master data tape is set into the Tektronix 4051 

and the AUTO LOAD key is struck, the headings of all data sets are found, 

read, and printed; the data tapes carry, their own contents lists. Running 

time of this program is approximately 4 1/4 min.

Figure 1 shows a copy of the display on the CRT screen of the 4051 

computer after the AUTO LOAD operation. Area and array information is entered 

'by use of the LINE EDITOR and keyboard sections of the 4051. If a data file 

(for example, file number 7 in fig. 1) has not as yet been filled, then the 

term: "NO DATA", will be printed in the HEADER column.

Each master data tape can hold data from seven 12-trace, 10-bit, 1001- 

samples-per-trace seismic records. Data are stored as 3-character hexadecimal 

numbers.



YOU HAVE SELECTED MASTER DATA TAPE:Mi-79

RECt FILE! HEADER AREA ARRAY

1
2

3

4

5

6
7

2

14

26

38

50

62
74

12330011

12330512

12330013

12330014

12330515

12330021
un nara

Watkinsi

Hatkinsf

Hatkinsf

Watkinsj

Watkinsf

Watkins,

line

1in«

line

1 ine
• i

1 ins

array

array

array

array

array

array

79-101A

79-102A

79-1018

79-182B

79-101C

79-102C

Figure 1. Sample of the CRT display produced when a master data tape 
is inserted into the 4051 computer and the AUTO LOAD key is struck.



Program to format master data tape

100 PRINT "LYOU HAVE SELECTED PROGRAM TO FORMAT MASTER DATA TAPE <MDT>"
110 XNIT
120 DIM G$<1)*H$<8>
130 PRI "GGG";"_INSERT CLEANED AND PRE-STRETCHED DATA TAPE WITHIN 4924_"
140 PRINT "_ARE YOU READY TO PROCEED? <Y OR N) ";
150 INPUT G$
160 IF G$="N" THEN 140
170 FIND 62:1
180 MARK 02:1*1536
190 FIND 6211
200 SAVE 62:330*600
210 FOR K = 2 TO 74 STEP 12
220 FIND 62:K
230 MARK <?2:1*3072
240 FIND 62:K
258 WRITE 62:"HHH"
260 PRINT 62*2:
270 FIND 62:K+1
260 MARK 62:11*3072
230 NEXT K
300 FIND 62:i
310 PRINT MGGG"; M_MDT FORMATTED"
320 END "~
330 PRINT "L YOU HAVE SELECTED MASTER DATA TAPE:XX-XX_"-
340 PRINT M_RECtt FILER HEADER . AREA ARRAY_"
350 INIT
360 DIM H$(8)
370 N=0
380 FOR K=2 TO 74 STEP 12
390 N=N+i
400 FIND K
410 READ 633:H$
420 IF H$="HHH" THEN 440
430 GO TO 450
440 H$="NO DATA"
450 GO TO N OF 470*490*510*530*550*570*590
460 NEXT K '
470 PRINT ~_ 1 2 - M >HSJ- X- --------- x- - - - -M

480 GO TO 460
490 PRINT "_ 2 14 ";H*;" X- --------- X- - - - -M

500 GO TO 460
510 PRINT "_ 3 26 M ;MS; M x- --------- X- - - - -M

520 GO TO 460
530 PRINT M_. 4 38 M lHSI M X- --------- X- - - - -M

540 GO TO 460
550 PRINT •'_ 5 50 ">HS; M X- --------- X------

560 GO TO 460
570 PRINT "_ 6 62 "IHS;" X- --------- X- - - - -"

580 GO TO 460
590 PRINT "_ 7 74 "JHSJ" X- ---------- X- - - - -"
600 END



TRANSFER FIELD DATA TO INTERNAL TAPE

The next step in the initial data-processing procedure is to transfer 

data from the field-data magnetic tape to a corrected master data tape that 

can be read directly and quickly by the computer. This is a three-step 

process, the first program of which commands the data on the field-data tape 

to be transferred to an intermediate-storage tape (called the internal tape) 

and then instructs the computing system to produce a plot of each record using 

a doubled-amplitude value of every tenth point of the transferred data. We 

call this plot a decimated monitor record.

Instructions on the use of this program are displayed on the screen of 

the 4051 after the user enters the number (5 alpha-numeric characters) of the 

internal tape to be inserted in the 4051. Once a Y answer is given to the 

question, "ARE YOU READY TO PROCEED? (Y OR N)", the program requires no other 

keyboard entries and it will proceed until all records on the field-data tape 

are transferred and all decimated monitor records made and copied.

Figure 2 shows an example of a decimated monitor record. The vertical 

line near the center of the display separates the two groups of data for each 

trace as recorded by the G-724-S system. Although 1024 data points are 

recorded, only the first 1001 are used in our procedures. Examination of the 

decimated monitor record can provide answers to three questions:

1. Have field data been transferred to the internal tape?

2. Have bytes been dropped or added?

3. Is the header information correct?

The decimated monitor also gives us a first look at the data so that we can 

decide which data-processing sequence should be followed. The time required 

to print and copy one decimated monitor record is about 2.5 min.

Standard procedure in the field calls for the making of a field monitor
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record on photographic paper of each data set for which a field-data magnetic 

tape has been made. Looking at the field monitor paper record and checking 

field notes it would have been obvious that the header information was 

incorrectly entered on this particular field data tape. The correct header 

should have been 12330011, telling us that the data were taken on the 123rd 

day of the year with a sample interval of 0.2 msec and with a zero start time 

(that is, no delay). The computer, reading the header information on the 

tape, shows that a delay of 560 msec was introduced (56 in header positions 

5 and 6) and that the sample interval was 0,5 msec (a 4 in the fourth digit 

of the header).
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EDIT BYTE ERRORS AND TRANSFER DATA FROM INTERNAL TO MASTER DATA TAPE

The next data-processing step is to correct header and byte-shift errors, 

compress 4-character to 3-character words by truncating the first character 

of the 4-character words and transfer the corrected and compressed data to a 

master data tape.

Byte-shift errors occur when bytes are added or dropped. The resulting 

effect on the data can be disastrous because when bytes are dropped or added, 

the least significant numbers can be shifted into the position of the most 

significant numbers. Consider, for example, the string of 4-place numbers:

..., 0705, 0711, 0708, 0705, 0699, 0695,... 

and let us drop the leading 07 from the third group. Now the string reads:

..., 0705, 0711, 0807, 0506, 9906, 95—,...

Whereas in the first set, the maximum difference between adjacent values is 6, 

in the dropped byte-pair set, the maximum difference is 9400. Note also that 

once the byte shift occurs, the subsequent numbers in the series vary widely. 

After word compression takes place, the above series of numbers becomes:

..., 705, 711, 807, 506, 906, 5—,... 

and, as far as I can see, uncorrectable back to the series:

..., 705, 711, 708, 705, 699, 695,... 

Evidently, byte correction must be made before word compression.

To correct byte errors within a data set, three things must be done:

1. locate where the error first appeared,
•N

2. determine what bytes are missing, and

3. put these back into the data string.

This is what the byte-error segment of the program does. But it doesn't do 

it automatically. Interaction between the person and the computer is 

required, and this takes both time and effort.



Let us trace through the byte-error correction procedure using as an 

example the byte-shift error revealed on the left side of trace 4 as displayed 

on the decimated monitor of internal tape #111, figure 3. The header is 

incorrect, but this is no problem to fix. When the program asks if the header 

is correct, the reply would be entry of an N. The program will then request 

you to enter the correct header.

Two questions next are posed by the program:

1. TRACE ON WHICH BYTE SHIFTS OCCUR » ? The answer here would be a 4,
/

and

2. Do byte shifts begin to the left of the near-center line? Here the 

answer would be a Y.

Upon receiving this information, the program then directs the display 

shown on figure 4 to be written on the CRT screen of the 4051. Near the 

lower right-hand side of this matrix of 4-character hexadecimal numbers is a 

statement of the number of missing bytes. Note that even though no bytes are 

shown as missing, there are nevertheless two that are. What has happened here 

is that the tape recorder has inserted the check-sum pair of numbers into the 

data string, and the computer has not recognized these as not being real data.

In the data transmission logic built into the G-724-S digital magnetic 

recorder, four 4-character words are required to handle the 10-bit data 

stored in the memory of the seismograph. The six unused leading-space bits 

are filled with binary ones by the recorder's logic circuits. Since no 

negative quantities are allowed, a constant is added to force negative values 

to become positive. Also, the data are inverted. What all this manipulation 

does is cause the leading character in the 4-character word to be an F, if 

no errors are present.

Scanning columns 1 through 69 in increments of 4, note that the leading

13
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F is first not present at a position located at the intersection of column 

49 and row 13. Absence of a leading F, however, cannot be used as a reliable 

computer "flag" to automatically locate the beginning of the byte-shift 

region—for example look at row 29, column 1.

Because it is sometimes difficult to locate the position of the byte 

skip in the matrix of hexadecimal numbers, the program asks (bottom line of 

fig. 4): "DO YOU WANT TO SEE THESE VALUES IN DECIMAL?(Y OR N)". In this 

example we replied with a Y, and the display shown in figure 5 was produced.

From a glance at figure 5 it is relatively easy to see that the normal 

succession of numerical values ends at the value preceding the value located 

in row 13, column 49. The decimal conversion has put the numbers back from 

their hexadecimal representation and has re-inverted and re-shifted them in 

amplitude. The answer to the query on the bottom line, "ARE ADDITIONAL SKIP- 

BYTE CORRECTIONS REQUIRED? (Y OR N)", is clearly Y, whereupon the program 

produces the hexadecimal matrix (fig. 6). After asking if you want to see the 

decimal conversion again (the answer is N—we've already been there), the 

program next asks you to enter the row and column at which the incorrect 

string begins. Here one would enter a 13 followed by a 49. Finally at the 

bottom of figure 6 the program requests you enter the correct value, in this 

case, FDE7FD. How do you know to enter a leading FD? You know from having 

looked at the string of 4-character hexadecimal numbers that precede the 

spot at which trouble began and by assuming that the number will take the 

same form.

After being given the corrected values, the program than inserts these 

values into the data string and prints the corrected hexadecimal matrix as 

shown in figure 7. Compare this display to the one on figure 6, and note how 

the leading F's of the 4-place hexadecimal display are now all vertically

16
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aligned. If you want to be more sure of the correction, you can ask again 

for a decimal display by entering a Y in response to the question printed 

along the bottom line. Having done so, the display shown in figure 8 would 

have been produced. These values look reasonable for a set of seismic 

traces (although they are definitely biased); thus, the answer entered to the 

bottom question on figure 8 is an N. Upon receipt of an N entry, a display 

as shown on figure 7 is produced. Here the answer to the bottom-line 

question is again an N, and finally a display such as shown in figure 9 is 

produced on the screen.

You are next asked if there are any more byte shifts on this trace 

segment and if there are any more byte-shifted traces on this record. In 

this example, the response to the last question was a Y. This answer causes 

the statement: TRACE ON WHICH BYTE SHIFTS OCCUR=, to be printed. The reply 

given was entry of a 6, the next trace to be corrected.

Admittedly, the procedure to correct byte errors is a long one. But it 

is a task that must be done, for if not done, the data are useless—all 

because of two bytes having been dropped in the example given.

After all byte corrections have been made, the data are compressed from 

4-character to 3-character words, and then transferred to a master data tape 

(MDT). Because a master data tape can hold data from 7 seismic records and 

the field-data tape can contain a maximum of 5 records, the program will ask 

you to specify to which file on the MDT one wants the data to be transferred.
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EDIT MASTER DATA TAPE

Data contained on the master data tapes constitute what is commonly 

called the observed data. These are the data upon which, after subsequent 

data processing, all interpretation will be based. They must, therefore, 

be as error free as possible. The master data tape edit program interactively 

can perform seven tasks:

1. Edit header information,

2. Correct byte errors,

3. Add a constant to a value set,

4. Remove spikes,

5. Correct boxcar (step function) errors,

6. Substitute a value for a missing value, and

7. Compute and correct bias shifts.

Usually not all of the above corrections will need be applied—if we're lucky, 

none of them will have to be made.

Heading corrections are made as previously discussed; byte corrections 

follow essentially the same scheme as in the previous program.

Let us consider now the removal of spikes and the correction of intra- 

trace level shifts (boxcar functions). Figure 10 shows a segment on a trace 

on which spikes and boxcars are present. Figure 11 is a copy of the display 

produced on the screen when the edit program is used. After entering the 

record and trace number, you are requested to establish the limits of the 

correction window—in this case, from 100 to 120 msec.

In this example, top half of fig. 11, an N response was entered to the 

next four questions indicating that we did not want to see a listing of data 

values within the data window, no byte errors were present, we did not want 

to add a constant to a value set, and no high-slope data were present. You
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YOU HAVE SELECTED PROGRAM TO EDIT MASTER DATA TAPE <MDT> 

INSERT MDT WITHIM 4324

CODE NO. OF MDT * GHl 
RECORD NO. ON MDT - 4

DO; YOU WANT TO CHANGE HEADER? <Y OR N> N

TRACE NO. TO BE EDITED » 3 
Beginning tine of corr. window » 109 
.;"„;. End tin-2 of corr. window * 120

DO YOU WANT TO SEE CORR.-WINDOW VALUES? <Y OR N> H

ARE BYTE ERRORS PRESENT? <Y OR N> N

DO YOU WANT TO ADD A CONSTANT TO A VALUE SET? <Y OR N> H

ARE HIGH-SLOPE DATA PRESENT? <Y OR N> N

Estinated nininun value of data junp * 14

DATA JUMPS > 14 OH TRACE 5 OF PEC: 12330011 . 

JWP TIME JUMP AH'T V<T-2SI> V<T-SI> V<T> U<T*SI> JUMP TYPE

102.2*
164.00
185.60
1*7.68
189.80
11 1 . 29
-112.20
1.13.26iis.ee
116.89
117.28
118.40
119.40

-16
-255
-255
-49
33
127
129
-32
42

-119
-251
-70
71

17
17
21
5-69

-50
-53
-46
-38
33
76 .

185
39

17
17
19
2-72

-51
-53
-43
-31
39
82
107
37

1-238
-236
-38
-39
76
76

-75
11-80

-169
37
108

16
19
18-41

-41
-53
-50
-72
19
54
93
39
105

SPIKE
SPIKE
SPIKE
BOXCAR
BOXCAR
SPIKE
SPIKE
BOXCAR
BOXCAR
SPIKE
SPIKE
BOXCAR
BOXCAR

FOR THE TIME INTERVAL FROM T » 100 TO 128 msec:
No. of data spikes « 7
No. of boxcar sides * 6
No. of nissing points a 8 

SPIKE CORR. COMPLETED 
BOXCAR CORR. COMPLETED

DO YOU WANT TO SEE CORR.-WINDOW VALUES? <Y OR N> N 

ARE MORE CHANGES WITHIN THIS WINDOW? <Y OR N> N 

DO YOU WANT TO TRANSFER VALUES TO HDT? <Y OR N> Y 

IS THE TRACE BIASED? <Y OR N) N 

ARE MORE CHANGES REQUIRED ON THIS TRACE? <Y OR N) N

Figure 11. CRT displays produced when MDT edit program was used to edit 
trace segment shown in figure 10.
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are next asked to supply the estimated value of the data jump that forms the 

side of the boxcar function. This selection takes some care. If too large 

an estimate is made, then smaller errors—the first spike on the record at 

a time of 102.2, for example—would not be automatically corrected; if too 

small an estimate is made, then normal changes in value that are part of the 

function would be interpreted as unwanted jumps. In this case, a choice of 

14 appears satisfactory.

The bottom part of figure 11 shows the tabulation produced after the 

estimated data value was entered. For this particular example, all the 

required corrections were made automatically. This is not always the care. 

In the automatic spike-removal algorithm, two spike-free points are required 

on either side of the spike; for the automatic boxcar-corrections algorithm, 

four points are required on either side and within the boxcar. If these 

conditions are not met, then you would be directed to use and supplied with a 

manual-entry procedure.

The result after making these correction is shown in figure 12. For this 

report, the spikes and boxcars shown in figure 10 were intentionally added 

to a test trace in order to illustrate the operation of the program. The 

automatic spike-removal procedure corrected the data to within 1 digit; the 

automatic boxcar-correction procedure gave data that were not more than 5 

digits off. Because the spike-removal algorithm uses an interpolation scheme 

(one that applies to polynomials up to the fifth degree) and because the 

boxcar-correction algorithm operates with an extrapolation method (based on 

linear least-square fits), it is reasonable to expect the spike correction . 

to be of better quality.

The high-slope procedure is applied when the jump of the boxcar function 

is equal or greater than the magnitude of the difference between adjacent
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values of the function. Use of this procedure is straightforward: you select 

a data-window such that the straight line connecting values at the start and 

end times of the window passes through the functional values with little 

residual. The program temporarily removes this first-degree polynomial from 

the data, makes the boxcar correction, and then restores the first-degree 

polynomial values.

If data points are missing from the series, the program will find the 

locations of the missing points, and then will substitute a value of 2048 

for the missing point. Thus, when the data are plotted, there is little 

doubt that a missing point was encountered, for the plot will show a value 

twice as much as can be obtained with a 10-bit data.

Adding a constant value to a set of values is readily done. The program 

will first ask if you want to add a constant (fig. 11) and then it will ask 

for the time frame in the series over which the constant is to be applied and 

for the value of the additive constant.

Bias-level shifts are produced by a d-c offset in the seismograph T s 

electronics. An example of this effect can be seen on figure 8. In the 

example on figure 8, the first 20 rows show values whose mean value is 

approximately 23. If a Y answer is entered in response to the question: "IS 

THE TRACE BIASED? (Y OR N)", (fig. 12), then the next query is: "Earliest 

first break time = ". After this time is entered, the computer reads and 

averages the data on the master data tape from the beginning time to the 

selected first-break time. It then converts the average value to an integer, 

changes its sign, and prints the computed value of the bias correction. 

Finally, all trace values are read from the MDT, bias correction is applied, 

and the bias-corrected set of trace values written on the master data tape. 

It is recommended that bias correction be made late in the edit process.
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PLOT MASTER DATA TAPE VALUES

Two plot-routine computer programs are presented in this report. With 

the first of these programs you have a choice as to whether plots are to be 

made on the digital plotter or on the CRT screen of the computer, and also 

you have the option to display seismic traces either with a wiggle-trace, 

full variable area, or top-half variable area presentation. We call this 

first plot program the selectable-mode plot program. With the second plot 

program, only a wiggle-trace CRT display can be made; however, plotting time 

is faster. This second plot program we've termed the quick-plot program. 

In general, the selectable-mode plot program is used to produce final 

displays and the quick-plot program is used to make work copies.

Both plot programs permit the following:

1. Choice of which trace or sequence of traces are to be plotted.

2. Selection of trace-amplitude multipliers. With the quick-plot program, 

the multiplicative factor is applied to all traces; with the selectable- 

mode plot program, the amplitude multiplier can be a different value 

for each trace.

3. Selection of beginning and end times of the trace-time interval to 

be plotted.

4. Choice of increased sample interval with the restriction that the new 

interval is an integral multiple of the one at which the data were 

taken. For example, if original data were sampled at 0.1 msec, then 

plots could be made using a sample interval of 0.1, 0.2, 0.3,...; 

but, a plot with a sample interval of 0.25 msec would not be allowed. 

In using either plot program it is important that the header be correct since 

the programs read and use this information in order to set the origin time 

and to determine the original sample interval.



Figures 10 and 12 are examples of the graphic displays produced by the 

quick-plot program.

Variable area (VA) displays can be made with either a low or a high 

shading (filled-in vertical line) density. The number of fill-in-lines for 

shading the VA display is dependent on the sample interval chosen for 

plotting. When a high shading density is selected, a vertical line is drawn 

from each function value to the zero value; when low shading density is 

selected, lines for every fifth value are drawn.

The top half of figure 13 shows the 80 to 130 msec portion of trace 5 

from recorcf 4 on master data tape GM1 plotted with the upper-half variable 

area, high shading density mode. The lower half of figure 13 is a plot of 

the same trace segment using the full VA and low shading density option. In 

both displays the original amplitude was increased fourfold. The selected 

plot sample interval was 0.2 msec; therefore, on the low shading density VA 

display the vertical lines are at a time interval of 1 msec—a convenience 

when the time on the records are to be read.

The advantage of using low-density shading is shown on figure 14. Here 

... the upper half of the figure uses high-density shading, the lower half low- 

density shading. Note that when the upper part of the traces are completely 

filled in, the copy is poor and that over-lapping traces are obscured.

Figure 14 also shows that trace bias can be readily detected whether 

either a low or high shading density VA display is made. For example, trace 

10 on the bottom plot is biased, but trace 10 on the upper plot has been 

bias corrected.

The coal-seismic system does not contain a section plotter, record 

sections being made by cutting and taping individual plots. Rather than 

change plot parameters in the computer programs, we find it easier to use the



12330011 TrocM S Ihrvi S; R«c» 4 en HOT GUI SI-0. 2*«««= Avg.o«p-x4
85 90 95 tea 105 tl0 115 120 I2S

12330011 Tr<
85

5 thru S; R.c* 4 on MDT GMt SI-0.2m««e AvO .«i«p-x4 
90 9S 100 I0S M8 115 120 125

Figure 13. Trace segments plotted with high-density shading of 
upper-half variable area display (top) and low-density 
shading of full variable area display (bottom).
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188

12338811 Tr 
28

t thru 12; R»e* 4 on HOT GM2 SI*8.2m«*e Awg.««<»-»3
48 68 88 188 129 149 168 188

Figure 14. Variable area display of 12-channel record using high- 
density shading (top) and low-density shading (bottom).



border-set feature of the interactive digital plotter. Figure 15 shows a 

plot in which the digital plotter has been set to stretch the time axis 

relative to the distance axis. We've left the label on the .display in order 

to illustrate this stretching action. Normally in making sections, however, 

the computer program is modified so as to omit printing the labels, and then 

the border-set controls of the plotter are used to permit plotting of 3 

records all on one piece of paper. This procdure reduces the amount of 

cutting and taping required, but record-section construction is still a time- 

consuming task.
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